Abstract. The occurrence of gaseous pollutants in soils has stimulated many experimental activities, including forced ventilation in the field as well as laboratory transport experiments with gases. The dispersion coefficient in advective-dispersive gas phase transport is often dominated by molecular diffusion, which leads to a large overall dispersivity % Under such conditions it is important to distinguish between flux and resident modes of solute injection and detection. The influence of the inlet type on the macroscopic injection mode was tested in two series of column experiments with gases at different mean flow velocities v. First we compared infinite resident and flux injections, and second, semi-infinite resident and flux injections. It is shown that the macroscopically apparent injection condition depends on the geometry of the inlet section. A reduction of the cross-sectional area of the inlet relative to that of the column is very effective in excluding the diffusive solute input, thus allowing us to use the solutions for a flux injection also at rather low mean flow velocities v. If the whole cross section of a column is exposed to a large reservoir like that of ambient air, a semi-infinite resident injection is established, which can be distinguished from a flux injection even at relatively high velocities v, depending on the mechanical dispersivity of the porous medium.
Introduction
The longitudinal dispersion coefficient D z• in advectivedispersive gas phase transport is, in contrast to liquid phase transport, often dominated by molecular diffusion because of the relatively high gas phase diffusion coefficients. This is especially pronounced at low advection velocities when the mechanical dispersion, that is, the mixing due to structural properties, is small. This fact has several consequences regarding the input of solutes and the measurement of solute fluxes. In the region dominated by gaseous diffusion, the dispersivity Dz•/v is usually not constant. It is inversely proportional to the mean linear fluid velocity v [Edwards and Richardson, 1968; Langer et al., 1978] and reaches therefore rather high values at relatively low advective velocities even in systems where the mechanical dispersivity is low. The differences between flux and resident concentrations as well as between flux and resident injections [Levenspiel and Turner, 1970; Krefi and Zuber, 1978; Parker and van Genuchten, 1984] are directly related to the value of the dispersivity and can therefore become rather large in advective-dispersive gas phase transport. On the other hand, the large component of diffusive flux disturbs the injection and sampling of solutes proportional to the local fluid velocities, which is necessary for a correct flux injection or detection. For gaseous advective-dispersive transport, the exchange of solutes at a boundary will resemble a resident injection, unless the diffusive flux is restricted by geometrical constraints at the boundary. This creates a considerable uncertainty about the correct choice of model boundary conditions for specific laboratory or field experiments with gaseous tracers. The objective of this paper is to test the in- Table 1 . The origin of (5) and (6) for a semi-infinite resident injection is described in the appendix. (See Table 1 for (1)-(6).) 
Modeling
The experimental data were compared with the solutions for the various injection and detection types presented in Table 1 This second series of experiments shows that macroscopically, a flux injection can be imposed also at rather low flow rates by using a small tubing as inlet conduit. The reduction of the cross section of the inlet compared to the cross section of the column is very efficient. The diffusive flux at the boundary is clearly restricted, and its effect may appear, if at all, only at very early times.
The experiment with the precolumn filled with glass beads (IIa, Figure 3) represents a special case. The differences be- It is obvious that the ratio A i/Ac, as well as the dispersivity of the porous medium and possibly the differences in dispersivities between column and precolumn, determine which solution is appropriate and which type of injection macroscopically occurs. For a flux injection we have to require that the influence of diffusion is negligible compared to mechanical dispersion. This means that/3f < a, where a is the mechanical and/3 the molecular dispersivity. The factor f depends on the geometry of the inlet section, which introduces usually additional resistances to diffusive mixing compared to dispersive. The diffusive mass exchange at the interface is limited to the cross sectional area of the inlet, A i, whereas the dispersive term is proportional to a vA c, which is constant for a given column unless density changes occur. Therefore as a first approximation we can estimate f as Ai/Ac. Expressing the condition/3f < a for v, we obtain 
Summary and Conclusions
The possibly diffusive exchange of solutes across boundaries in gaseous, advective-diffusive flow requires a critical analysis of the appropriate mathematical boundary conditions, which must be specified in terms of flux or resident mode [Krefi and Zuber, 1978; van Genuchten and . Column experiments with gases showed that the macroscopically prevalent injection conditions depend on the geometry of the inlet section. The factor f, which accounts for effects of the geometry, is correlated with the ratio of the inlet cross section to the column cross section, A i/Ac. For a constricted inlet it seems that f < A/A c, whereas for an open inlet f -> 1. If the condition v > (A/Ac)(Døm/ar) is met, for instance by using a very thin conduit as an inlet, a flux injection is achieved with certainty, and (1) and (2) can be used to analyze the experimental data. If, on the other hand, v is considerably lower than (Ai/Ac)(Døm/a*), the solute input is initially larger than expected for a flux injection, and the concentrations within the column increase faster. In this case it will no longer be accurate to estimate parameters like the dispersivity from tracer experiments, using the solution for a flux injection. Doing so will result in erroneous parameter values.
A continuous semi-infinite resident injection, which is characterized by a constant resident concentration at the origin, was experimentally observed when the whole cross section of the column was exposed to the ambient air. Although neither backward diffusion influenced the concentration Co, and there did not exist a concentration gradient at x < 0 (well-stirred reservoir, C(x < 0, t) = Co), a resident, not a flux, injection developed at all velocities that allowed a distinction of the different solutions. This situation corresponds exactly with the exchange of solutes between the atmosphere and the soil gas phase. In general, the larger mechanical dispersivity a of real soil compared with the glass beads will render mechanical dispersion slightly more important but not yet dominating. Only at very high gaseous flow rates, like, for instance in soil venting, a flux injection might really occur at the soil surface. But at such high flow rates the differences between the injection types become negligible, anyway. In most cases involving lower gas flow rates, it will presumably be possible to model the gas exchange as a semi-infinite resident injection with a continuous resident concentration at the soil surface, unless the mixing within the atmosphere is strongly restricted by vegeta- 
